Background: Flies and cockroaches are two insects in close contact with human beings. They are carriers of human pathogenic bacteria on the external areas of their bodies or in their digestive tracts. This study examines Periplaneta americana and Musca domestica collected from the residential areas of six districts in Tangier, Morocco. Methodology: In total, 251 bacteria were isolated from external areas of the participants' bodies and the antimicrobial susceptibility was calculated. Results: The predominant bacterial species included Escherichia coli (17.9%), Klebsiella spp. (14.7%), Providencia spp. (9.6%), Staphylococcus spp. (15.1%) and Enterococcus spp. (11.6%). The study showed no difference between the species of bacterial strains from American cockroaches and houseflies. Carbapenems and aminoglycosides were active against 100% of the Gram-negative bacilli isolated in this study. Staphylococcus spp. strains were susceptible to linezolid, vancomycin, daptomycin, levofloxacin and cotrimoxazole, and no antibiotic resistance was found in Enterococcus spp. Conclusions: In our setting, although both cockroaches and flies collected from residential areas may be vectors of human pathogenic bacteria, the infections caused by them are easily treatable as a result of the high susceptibility of their bacteria to antibiotics routinely used in the community or in hospitals.
Introduction
American cockroaches and houseflies are often found in intimate association with human beings and are present in large numbers in and around houses or hospitals and in urban areas and villages with poor sanitation and insalubrious conditions [1, 2] . Furthermore, their feeding mechanisms and filthy breeding habits make them the ideal agents for harbouring and transmitting pathogenic bacteria [3] [4] [5] .
The American cockroach comes in contact with human sewage through sewer systems where they can live, and from there also are able to get into bathrooms and basements [6] . Various bacteria may simply be carried on the insect's cuticle or be ingested and, some time later, regurgitated or excreted. Moreover, several species of bacteria of public health significance have been isolated from, or have passed through, cockroaches (Periplaneta americana) and their digestive tract, such as Staphylococcus aureus, Streptococcus spp., Enterobacteriaceae, Pseudomonas aeruginosa, etc. [7] [8] [9] . Cockroaches collected in hospitals and households have been found to harbour multi-drug resistant bacteria and hospital cockroaches with drugresistant Klebsiella spp. have been suggested to play a role in the epidemiology of nosocomial infections [7] [8] [9] . In addition, a neonatal unit infested with cockroaches [10] suffered an outbreak of nosocomial disease due to extended-spectrum β-lactamaseproducing Klebsiella pneumoniae.
Houseflies have been suspected to be reservoirs and vectors for pathogens [11] [12] [13] . In addition, they have been found to carry multi-drug resistant bacteria in hospital environments and they may play a role in the transmission of human pathogens within hospitals [12] [13] [14] [15] .
In Morocco, pathogenic bacteria have been isolated from American cockroaches and houseflies collected in urban areas of Tangier [16] , a city which records a high demographic growth and also a constant rhythm of urbanization, factors that lead to the emergence of insalubrious and under-developed districts. Periplaneta americana and Musca domestica are the most common insect species in Morocco because of the favourable environmental and climatic conditions [17] . There are no studies about the susceptibility of human pathogenic bacteria hosted by the common insects, Periplaneta americana and Musca domestica, found in Moroccan hospitals and households.
Control of these arthropod vectors would allow a reduction of the transmission of these pathogenic bacteria. In addition, in a hospital or clinic setting, a medical professional will not be determining whether or not a particular infection was caused by cockroach or house fly transmission; however, the susceptibility or resistance of the bacteria found on these insects in the geographical areas would be relevant to a patient who presents an infection. Also, once bacterial susceptibility to antibiotics is known, the degree of virulence of the bacteria is likely to be determined and therapeutic possibilities in the case of infection may be found.
In the present study we collected Periplaneta americana and Musca domestica from residential areas of six districts in Tangier and isolated human pathogenic bacteria from the external surfaces of these insects. Afterward, we determined the susceptibility of the bacterial strains to different antibiotics.
Methods and materials

Insect collection sites
Cockroaches and flies were collected from residential areas of six selected districts of Tangier, between March and October 2006, according to their socio-economic conditions (kind of population, urbanization and social level). The districts were Bendiban (BD), Banimakada (BM), Castilla (CA), Val fleuri (VAL), Place Mozart (PM) and Charf (CF). Banimakada and Bendiban are the popular districts of the city and the most underprivileged and under-equipped due to three main issues: high density of population, inadequate waste disposal and insufficient treatment network. Place Mozart and Charf are benefited by a favourable socio-economic situation, while Val fleuri and Castilla are situated between these two categories of districts.
Collection and identification of cockroaches and flies
Sixty American cockroaches (10 per district) and 600 houseflies (100 per district) were collected from the six selected sites during the period of the study (according to a 1:10 ratio). Flies were caught with sterilized nets near the houses, from garbage heaps and from open defecating grounds in each district and from 9:00 a.m. to 1:00 p.m., when the flies are active.
Cockroaches were caught at night from houses of the selected districts, directly by hand using a gallon container. Trapped cockroaches and flies were placed in sterile test tubes and subsequently taken to the laboratory and stored in a refrigerator at 4°C until the identification and processing for bacteria examination. Identification was made by examining the insect under a low-power microscope and following standard taxonomic keys.
Processing of external body of insect for bacteria isolation
The isolation of bacteria in cockroaches was conducted by adding 5 ml of sterile normal saline solution to a tube containing one cockroach. This was vortexed for 2 minutes to wash off any bacteria from the insect's external body. Vortexing was performed at the lowest possible speed to prevent insects from vomiting and contaminating the contents. Flies were pooled in batches of 10 houseflies each and then individually shaken thoroughly in sterile saline solution (5 ml) for 2 minutes [18] . The suspension washings were then serially diluted and inoculated on MacConkey agar, Chapman agar, and Bile Esculin agar. Plates were incubated for 24 hours at 37°C, and colonies with morphologies characteristic of Gramnegative bacilli, staphylococci, and enterococci were identified by Gram staining and biochemical tests. The species of Gram-negative bacilli were identified using the API 20E system (BIOMÈRIEUX, Marcyl'Etoile, France), the staphylococci using the API Staph system (BIOMÈRIEUX), and the enterococci using the API 20 Strep system (BIOMÈRIEUX) [19] .
Susceptibility determination
Microdilution was performed in a MuellerHinton broth, adjusting for Ca ++ and Mg ++ , following Clinical and Laboratory Standards Institute (CLSI) guidelines [20] . Each antibiotic was dissolved as recommended by the manufacturer. The microdilution procedure for Gram-negative bacilli was performed using the following concentrations (in g/ml): ampicillin, cefoxitin, ceftazidime, cefepime and amikacin (0.125 to 256); amoxicillin-clavulanate The minimum inhibitory concentration (MIC) was defined as the lowest antibiotic concentration to completely inhibit bacterial growth, and the strains were considered susceptible, intermediate, or resistant according to the recommendations of the CLSI.
The following strains were used as quality control in all procedures, in accordance with CLSI guidelines [20] : E. coli ATCC 25922 and S. aureus ATCC 29213.
Statistical analysis
The Fisher exact test for r × s tables was used to compare the clinical categories (in terms of susceptible or resistant) for each antibiotic tested by microdilution between the bacterial strains obtained in flies vs. cockroaches and the strains obtained in the six districts of Tangier. The presence of a difference between the groups with regard to the variable was the alternative hypothesis (H1). A p value ≤ 0.05 was considered significant. 
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Results
Bacterial isolation
Among the 251 bacteria isolated from American cockroaches and houseflies collected in the six districts of Tangier, 184 (73.3%) belonged to the group of Gram-negative bacilli, 38 (15.1%) to staphylococci, and 29 (11.6%) to enterococci. A total of 125 bacteria were found in Musca domestica and 126 bacteria in Periplaneta americana (Table 1) .
Sixteen genera of the Gram-negative bacilli isolated from the two species of insects were human pathogenic, i. Higher numbers of these bacteria were found in Bendiban, Banimakada, Charf and Place Mozart, while the minimum number of bacteria was found in Castilla ( Table 1) .
The most frequent bacteria isolated from houseflies and American cockroaches coming from all districts of the city were E. coli, Klebsiella spp. and Providencia spp. In addition, Enterobacter spp., Klebsiella spp. and Serratia spp. were more frequently isolated from American cockroaches in comparison with houseflies, while Proteus spp. and coagulase-negative staphylococci were more frequently isolated from houseflies, in comparison with American cockroaches. Citrobacter spp., Pasteurella spp. and Y. enterocolitica were present only in Periplaneta americana, while M. morganii was isolated only from Musca domestica ( Table 1) .
Susceptibility to antimicrobial agents
In general, Gram-negative bacilli isolated from both types of insects were deemed very susceptible to the antibiotics tested. Carbapenems and aminoglycoside antibiotics were found to be active against 100% of Gram-negative bacilli strains. In addition, the following showed excellent activity, although their effectiveness was not 100%: cefepime, ceftazidime, piperacillin-tazobactam, ciprofloxacin, cotrimoxazole, amoxicillin-clavulanate and cefoxitin. Only ampicillin showed low activity against these bacterial strains (56% of the strains were found resistant to this antibiotic). Moreover, species of Gram-negative bacilli isolated from houseflies were significantly more resistant to cotrimoxazole than those from cockroaches (p = 0.001) ( Table 2) . On the other hand, Gram-negative bacilli from Banimakada and Val fleuri were significantly more resistant to ampicillin than those from other districts (p = 0.021). Up to 57.1% of bacterial strains from Charf were susceptible to ampicillin, while Gramnegative bacilli from Banimakada and Castilla were significantly more resistant to cotrimoxazole (p = 0.014). Cefoxitin showed a difference of 17 percentage points in the susceptibility of strains between the districts of Val fleuri and Banimakada (Table 3) .
About 68.4% of Staphylococcus spp. showed resistance to penicillin; this percentage was greater in those isolated from cockroaches (73.3%) than in those from flies (65.2%) (p = 0.011). Staphylococcus spp. strains from cockroaches showed significantly more resistance to gentamicin and erythromycin than those from houseflies (p = 0.009 and p = 0.001, respectively) ( Table 4) .
One S. aureus isolate showed resistance to oxacillin (MRSA), but 33.3% of coagulase-negative staphylococci were methicillin-resistant.
The species of staphylococci coming from Bendiban, Charf, and Val fleuri were significantly more resistant to penicillin than those from other districts; also, species from Banimakada and Castilla were more resistant to oxacillin (methicillin-resistant staphylococci) than those from the rest of the districts. Staphylococci from Banimakada were also more resistant to gentamicin (p < 0.05 in all cases) ( Table 5 ).
Enterococcus spp. from both insects and all the districts of the city were found very susceptible to all antibiotics tested (Table 6 ).
Discussion
American cockroaches and houseflies have been considered transmitters and spreaders of pathogenic bacteria in hospitals and households or residential areas [21] . In this study, 251 human pathogenic bacteria were isolated from the external bodies of these two species of insects, where we found Salmonella spp., Shigella dysenteriae and Yersinia enterocolitica, bacteria that cause typhoid, paratyphoid fever, dysentery and enterocolitis, among others diseases in humans.
Although the predominant bacteria on cockroaches were Klebsiella spp., E. coli., and Enterococcus spp. and those on flies were E. coli and coagulase-negative staphylococci, as other authors have found [9, 17, 21] , no relevant differences were observed in the species of bacterial strains found in Periplaneta americana and Musca domestica. This can be explained by the fact that there are no differences between the environments in which these insects may be found (human and animal excrement, garbage heaps, open defecating grounds, etc.).
All Gram-negative bacilli isolated in this study were susceptible to carbapenems and aminoglycosides. Carbapenems are exclusively used in hospitals, while the aminoglycoside antibiotics are only preferably used there. Our strains, obtained in non-hospital environments, showed high susceptibility to these groups of antibiotics. These microorganisms were also susceptible to other antibiotics commonly used in the community, such as amoxicillin-clavulanate, ciprofloxacin or cotrimoxazole. There were no notable differences in the susceptibility of strains from flies compared to those of cockroaches. In any case, bacterial strains were not submitted to pressure from a specific antibiotic in their environment, as they did not come from clinical samples of patients infected and subsequently subjected to antibiotic treatment.
Only ampicillin showed a lower activity against these bacterial strains, essentially due to the presence of natural resistance in the bacterial species (KIebsiella spp., Enterobacter spp., Providencia spp., or Serratia spp.) [22] . These results contrast with those of Pai et al. [9] in which bacterial strains from households showed multi-drug resistance; but coincide with those of Rahuma et al. [21] and Elgderi et al. [23] , both in Libya. In the works of the latter, the Enterobacteriaceae isolated from insects (flies or cockroaches) in hospitals were found significantly more resistant to antibiotics than those isolated from the same insects collected from streets.
As with Gram-negative bacilli, all staphylococci were susceptible to antibiotics exclusively used in a hospital environment (linezolid, vancomycin and daptomycin). However, unlike the bacilli, they were also susceptible to levofloxacin and cotrimoxazole. The less active antibiotic against this genus was penicillin, a logical fact due to the existence of the common β-lactamase. In addition, these strains maintained high susceptibility to aminoglycosides, macrolides and lincosamides.
Only one methicillin-resistant S. aureus was obtained, whereas 33.3% of coagulase-negative staphylococci were methicillin-resistant. Recent studies have showed an increase in the prevalence of methicillin-resistant S. aureus (MRSA) in Moroccan hospitals (from 14.4% in 1996 to 20% in 2004) [24, 25] . On the other hand, coagulase-negative staphylococci usually show higher rates of resistance to methicillin than S. aureus [26] and this is reflected in our work.
No antibiotic resistance was found in Enterococcus spp., but recent studies in Morocco have isolated enterococci species from food samples and said species have shown a higher resistance to erythromycin, ciprofloxacin, and levofloxacin while showing susceptibility to penicillin and gentamicin [27] .
Regarding the differences found on the distribution of strains in the different districts, it is remarkable that the highest concentration of resistant bacteria was found in Banimakada and Castilla districts, the first of which is characterized as the most populated of the six districts studied, while Castilla has a health centre near which we collected the insects.
In conclusion, in our setting, although both the cockroaches and the flies collected from residential areas may be vectors of human pathogens, they can cause infections (wound infections, diarrhoea, pneumonia, etc.) that are easily treatable because of the high susceptibility of their bacteria to antibiotics routinely used in the community or in hospitals.
